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Abstract:  Tomato trade between the U.S. and Mexico has grown significantly during the 
past decade.  This increased trade, together with major structural changes in US produce 
marketing channels, has increased the complexity of conducting analysis of market 
integration and equilibrium.  This study implements an Extended Parity Bounds Model 
(EPBM), following the work of Barrett and Li, to examine fresh tomato price and trade 
relationships between major shipping points and terminal markets for Mexican imported 
and Florida and California tomatoes.  Findings suggest that, although markets seem 
relatively integrated and efficient, there exist some potential for claims of inefficient or 
overly competitive behavior.  As is expected, the more complex the marketing channels 
between producer and wholesaler (distance or international boundaries), the more likely 
that markets operate suboptimally. 
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Tradability and Market Equilibrium for U.S.-Mexico Fresh Tomatoes 
Trade flows of fresh fruit and produce between developing and developed 
countries has increased in recent years, due principally to the increasing demand for year 
round fresh produce, as well as the trend toward global trade liberalization.   In the 
specific case of fresh tomato trade between Mexico and the U.S., flows increased 
dramatically during the 1990's.  U.S. markets saw a considerable increase in fresh 
tomatoes imports from Mexico after 1994, the year when NAFTA was enacted and in the 
period in which the Mexican peso suffered a significant devaluation. 
There has been a great deal of attention placed on unfair trade practices in the 
tomato industry, which was the primary motivation for this study.  The increased imports 
of the 1990’s led American producers to file a formal dumping complaint against 
Mexican growers, arguing that they had experienced decreasing domestic prices, profits, 
and an overall loss of market share. They perceived that fresh tomatoes were being sold 
at less than fair value (LTFV), so that the U.S. fresh tomato industry was injured or 
threatened with material injury.  The antidumping investigation was suspended by an 
agreement between Mexican growers and the U.S. Department of Commerce.    
Still, there is continued interest in whether tomato trade is efficient and fair.  
Given the increased trade flows of fresh tomatoes from Mexico to the U.S. in recent 
years, it is assumed that the fresh tomato market for imports are more integrated with the 
Mexican market. Yet, it is not clear if they are in equilibrium, or operating in a more 
efficient manner.  A better understanding of trade relationships is important for better 
informing policymakers on the likely implications of further trade negotiations and 
concessions to industries that are impacted by liberalization.      3
Over the last decade, the fresh tomato market sector has experienced increased 
retailer concentration that led to new trade practices between grower-shippers and 
retailers/wholesalers, and a marked evolution in the structure of marketing channels 
(Kaufman et al.; Thompson and Wilson).  This retailer concentration and new ways of 
doing business have affected the marketing and trade costs for the produce industry, and 
consequently, the fresh tomato sector.  Although these changes are hard to analyze with 
public data, these influences are taken into consideration in the development of the model 
and interpretation of results. 
The objective of this paper is to examine price (efficiency) and trade (integration) 
relationships between Mexico and the U.S. for three, vine ripe tomato import markets, 
with comparisons to California and Florida mature green tomato supplies.   Special 
attention is given to determining if increased imports result in a more efficient market or 
overly competitive behavior.   A secondary objective is to provide a framework to 
analyze potential noncompetitive behavior in the fresh tomato market, such as the 
likelihood that non-tariff barriers, dumping, and imperfect information exist.  The last 
objective is to estimate “less transparent
1” transaction costs for marketing fresh tomatoes 
in the domestic market and to infer their effect on market conditions.  Through the 
application of an extended parity bounds model (EPBM), using a maximum likelihood 
technique, the probability of observing specific intermarket conditions and the 
“additional” transaction costs that are not available publicly will be estimated. 
                                                                 
1 These costs include all potentially measurable transaction costs that are not publicly available. 
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International Market Integration 
  Traditional spatial market integration assumes that two regions are in the same 
economic market for a homogeneous good if the price differential for that good is exactly 
the transaction costs related to trade (Sexton, Kling, and Carman). If this price differential 
is greater than transaction costs, profitable arbitrage should occur. Under a competitive 
equilibrium, trade flows will exist until potential profits are exhausted, unless barriers to 
trade exist, thereby leading to economic rents (Li). On the other hand, if the price 
differential is less than transaction costs and there is no trade, markets are segmented.  
There are some explanations for the failure of observing market integration such as  
information failure, and/or risk aversion plays a role (Ravillion).   An alternative 
explanation is that the regions represent autarkic markets (Spiller and Huang).  It is 
common to define market integration as the satisfaction of the law of one price (LOP), 
this law states that prices within a market tend to move similarly, once prices are adjusted 
by the costs of each respective marketing function (Carman). 
For international trade, two markets are spatially integrated if the prices for a 
commodity that is traded between two countries, once appropriately adjusted for 
exchange rate and transaction costs, are equal (so that the LOP holds). Numerous 
empirical analyses on the LOP in international markets have been developed, but the 
results are mixed, offering no strong support for the LOP (Officer; Goodwin; Goodwin, 
Greenes and Wohlgenant; Baffes; Ardeni; Zanias).  Miljkovic pointed out that according 
to “modern trade theory,” some potential reasons for the failure of the LOP are pricing to 
market, exchange rate risk, and the geographical separation of markets.     5
Most of the conventional market analysis methods to study price relationships in 
agricultural markets have used price comovement as indicators of market integration, 
(such as the bivariate correlation coefficient, the Granger causality test, cointegration, or 
error correction mechanism).  Although those approaches have been widely applied, it is 
recognized that they have some methodological flaws that make them unreliable or 
inadequate for testing intermarket relationships (Li; Miljkovic; Barret, Li, and Bailey).   
For example, these methods fail to test for market integration when trade is discontinuous 
or bidirectional, or when transaction costs are nonstationary.   As these approaches 
generally assume linear functional forms and constant transaction costs, and trade 
discontinuity implies a nonlinear or piecewise linear relationship between price series, the 
inferential power of these tests is reduced.  Similarly, when transaction costs are not 
taken into account, they form part of the error term, and if they are nonstationary, it 
implies to artificially high rates of rejecting the hypothesis of market integration can be 
expected (Barrett, 1999).    
Different studies have shown that transaction costs are primordial for market 
integration analysis, so omitting them will lead to incorrect results (Baulch; Baffes; 
Goodwin; Goodwin, Greenes, and Wohlgenant). A recent study that explicitly considers 
transaction costs and prices is Baulch’s study of spatial price equilibrium and food 
market integration. He applied a switching regressions model to determine whether 
efficient arbitrage exists in the Philippine rice markets.  Although Baulch’s model solves 
many of the problems that testing market integration with conventional models presents  
(such as trade discontinuity, non trivial costs of commerce, the binary hypothesis of 
market integration, and the assumption of a linear relation among intermarket price   6
relations), the model may be improved further by adding trade flow information (Li; 
Barrett, 1996, Barrett, Li, and Bailey).   Li and Barrett developed the first method of 
market analysis that fully utilizes information on prices, trade volumes, and cost of 
commerce, which serves as the methodological basis for this study. 
The Extended Parity Bounds Model    
In order to examine market conditions for Mexican fresh tomato imports and 
California and Florida supplies (whether the respective fresh tomato markets are perfectly 
integrated, in segmented equilibrium, or tradability), an extended parity bounds model 
(EPBM) will be applied following the general structure designed by Li and Barrett 
(LBM) (1997).   The LBM model is an extension of the parity bounds model (PBM) 
proposed by Baulch (1994).  Baulch’s model solves the main problems of the 
conventional methods to test for market integration in the food agricultural markets, 
including trade discontinuity and zero or constant transaction costs while the parity 
bounds model, as applied by Barrett, Li, and Bailey (LBM), takes into account the 
problems of nonstationary transaction costs and bidirectional trade.    In contrast to 
conventional methods that use only prices for testing market integration, and 
supplementing the PBM that use both prices and trading charges data, the LBM exploits 
information in prices, transaction costs, and trade flows.   Given that is not possible to 
detect all the costs related to trade, such as risk premia, discount rates, or non tariff trade 
barriers, trade flows may offer indirect evidence of the effects of unobservable 
transaction costs, resulting in better information for analysis of intermarket relationships.   
In addition, the LBM model allows the researcher to distinguish between market   7
integration (defined as tradability), and market equilibrium, when the zero marginal profit 
criteria is met. 
Although grocery retail sales are still the most important marketing channel for 
most produce commodities, California and Florida grower-shippers sell the majority of 
their product to wholesalers and distributors in order to be repacked for selling to retailers 
or other intermediaries.  The increased concentration among fruit and vegetable retailers 
reported at the end of the 1990’s has encouraged the development of new trade practices 
between grower-shippers and retailers/wholesalers
2 and to a changing structure of 
marketing channels (Kaufman et al.).  This retailer concentration and new ways of doing 
business have affected the produce industry, and consequently, the fresh tomato sector. 
Grower-shippers are concerned about increasing transaction costs, arguing that 
retail/wholesaler consolidation has led to abuses of market power.   Imported tomatoes 
use the same marketing channels as American supplies once they reach U.S. entry service 
ports, therefore observable transaction costs (transaction costs that are measurable) for 
marketing them are still comparable.  In order to reach American markets, imported 
tomatoes do have additional transaction costs such as the trading costs, insurance, 
international freights, loading/ unloading costs, and tariffs reported by the USITC.   As 
noted, there is little public information about domestic grower-shippers’ costs since data 
are proprietary, a fact that is taken into consideration in the development of the model 
and interpretation of results. 
                                                                 
2  New trade practices include less transparent fees and services, such as volume discounts and slotting fees, automatic 
inventory replenishment, special packing, and food safety certification. It also refers to the overall structure of 
transactions as daily sales, short term or long term contracts (Calvin and Cook et al.). 
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In addition to overcoming many of the problems detected in the conventional 
models for testing market integration, the EPBM applied in this work allows for 
estimation of the “additional” measurable transaction costs that are not public 
information. Moreover, it provides a methodological framework to analyze claims of 
anticompetitive behavior in the fresh tomato market and permits one to distinguish 
between market integration and competitive market equilibrium. 
According to Tomek and Robinson, the classical principles that underlie price 
differences between regions, assuming a competitive market with homogeneous 
commodities are as follows: (a) price differences between any two regions (or markets) 
that trade with each other will just equal transfer costs; and (b) price differences between 
any two regions (or markets) that do not trade with each other will be less or equal to 
transfer costs. But as Carman pointed out, “. . . since these assumptions are often violated 
in real world commodity markets, it is possible to find price differences that are greater 
than transfer costs with no trade occurring, or price differences that differ from the 
transfer cost when there is trade.”   
Following Barrett (1999; Barrett et al. 2000), market integration is a quantity-
based measure where the observance of trade flows is sufficient to test that two markets 
are integrated.  His approach draws on the intermarket transfer of Walrasian excess 
demand that is reflected in trade flows. So markets may be perfectly integrated, which is 
the case when markets are also in a long run competitive equilibrium or imperfectly 
integrated, when trade is observed but the arbitrage conditions are not binding.   On the 
other hand, the spatial long run competitive equilibrium is when marginal profits to 
intermarket arbitrage are zero and there is not incentives for entry.    In order to determine   9
if there are no positive or negative profits to arbitrage, one must take into account all 
price, transaction costs, and trade flows data. 
The fresh tomato market for Mexican imports and American markets are in a long 
run competitive equilibrium when Pat ￿T(Pmt, Qmt, dmt, cmat., zt) + Pmt , with Pat being the 
wholesale terminal market price for fresh tomatoes in time t, and T representing 
measurable transaction costs that are a function of FOB prices (Pmt), imported quantity 
(Qmt) (that consider international freights, insurance, load and unload costs), unit average 
duties for Mexican tomatoes dmt, costs of transportation cmt, and other transaction costs zt 
at time t.  When trade flows are observed and the intermarket condition binds with 
equality, the Mexican and American markets are in equilibrium.   If trade flows are not 
observed and the arbitrage conditions holds, these conditions may be slack, so that 
markets are in equilibrium (segmented equilibrium) even though prices in the respective 
markets are not related.   When the equilibrium condition is binding and trade flows do 
not occur, markets are integrated (tradability exists) and traders should be indifferent 
between trading or not trading.  Consequently, if Mexican and American fresh tomato 
markets are integrated and in long-run competitive equilibrium, those markets are 
perfectly integrated.  If trade takes place and the intermarket arbitrage conditions is not 
binding with equality the markets are inefficiently integrated.  
The central idea behind the EPBM is to measure the probability of intermarket 
arbitrage conditions binding, thereby making it possible to establish whether Mexican 
and American fresh tomato markets are perfectly integrated, or to infer through 
probability, other distinct market relationships.  The model is also applied to California 
and Florida tomatoes markets. Taking into account the intermarket equilibrium   10 
conditions specified above and time series data for FOB prices, wholesale terminal 
market price in the US, trade costs, insurance, and freight, tariffs, domestic 
transportation, and the binary observation of trade (no trade) flows of Mexican fresh 
tomatoes, six regimes are defined (Table 1).   
When the spatial arbitrage conditions bind,  t ji
j
t
i
t v T P P + = - , signaling that the 
markets are integrated and in long-run competitive equilibrium (whether trade is 
observed or not), thereby signifying perfect integration as is the case of regimes 1 and 2.  
If price differentials exceed measurable transaction costs,  t t ji
j
t
i
t u v T P P + + = - , this 
implies positive profits to the trading sector (regime 3) or the case when trade appears 
profitable but it does not take place (regime 4).   Finally, if price differentials are less 
than measurable transaction costs,  t t ji
j
t
i
t u v T P P - + = - , which is the case for regimes 5 
and 6, this implies that trade is not profitable to arbitrageurs when trade is observed 
(regime 5).   Regime 5 may provide a framework that could make it possible to infer 
anticompetitive behavior in the fresh tomato market.  When trade is not observed (regime 
6), one can infer a no-trade, segmented equilibrium.  Letting 
i
t P  and 
j
t P  be the wholesale 
terminal market price for fresh tomatoes and the FOB price, respectively, Tji are the 
measurable transaction costs from j to i.  The errors term are vt and ut.   
In order to estimate the other measurable transaction costs, and the probability 
(ëk) of observing each the kth regimes in the fresh tomato market, a switching regimes 
model was constructed taking into account the regime frequencies found in the sample, 
conditional to the binary variable of trade occurrence. It is assumed that the error term vt, 
is independently and identically distributed with mean zero and variance 
2
v s , and that ut   11 
is distributed independent of vt, assuming a half normal distribution with a zero mean and 
variance 
2
u s .   Following the sum of a normal random variable and truncated normal 
random variable as derived by Weinstin, the density function of (vt + ut) is as follows.  
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u v s s s + = ; f  denotes the standard normal density function, and F is the 
cumulative density function for the standard normal distribution.  Based on the density 
function (1) the distribution functions for the observations in each regime are determined 
as follows: 
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where 
j
t
i
t t P P Y - = , the price differentials between the wholesale terminal market price of 
importing market and the FOB price of the exporting market, CIFt is insurance, 
international freight, and loading/unloading costs, TXt is the tariffs for fresh tomatoes,   12 
DTt is domestic transportation at time t, and b is inferred transaction costs (based on an 
estimated model of price differences and publicly available transaction cost data).   
The likelihood function that estimates the extended parity bounds model can be 
expressed as follows: 
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where A is a binary variable for the observance of trade, A=1 if trade occurred, and 0 
otherwise. Maximizing the log-likelihood function stated in equation (5), the probabilities 
of each regime ( ëk), the other measurable transaction costs for marketing fresh tomatoes 
b, and the variances 
2
v s  and 
2
u s  are estimated, subject to the constraint that  1 = ￿k k l and, 
0 ‡ k l " k.   If trade is always observed, only the respective parameters for the regimes 1, 
3, and 5 are calculated.  The indicators of the frequency for each market condition are 
presented in Table 2. 
Data Description 
  The EPBM was estimated using weekly data for imported Mexican vine ripe 
tomatoes (from January 1995 through August 1999), and California and Florida mature 
green tomatoes (through December 1999). Shipping point prices from Nogales and San 
Diego
3 for Mexican tomatoes and for California and Florida
4 tomatoes were constructed 
from USDA Agricultural Marketing Service (AMS) data.    Tariffs (TX) for imported 
                                                                 
3 This time series were constructed as an average price of 25 pounds carton of vine ripe tomatoes with 2 layer, 4x5, 
5x5, and 5x6 configurations. From January to May, Mexican prices are for tomatoes grown in Sinaloa, Mex, crossing 
through Nogalez, AZ.  From June to December, these prices are for tomatoes produced in Baja California, Mex, 
crossing through Otay Mesa.  
 
4 This price time series was determined as an arithmetic average price of 25 pounds carton with Xlarge, large, and 
medium mature green tomatoes. From November to June, prices are for Florida tomatoes, and from July to October, 
prices are for tomatoes grown in California.  
   13 
Mexican vine ripe tomatoes and the import charges
5 that represent the aggregate cost of 
all international freight, insurance, and other charges (CIF) for bringing the fresh 
tomatoes from the shipping point in Mexico to the first entry port in the US were 
constructed with information reported by the U.S. International Trade Commission 
(USITC).  Terminal-market wholesale prices
6 and domestic transportation (DT)
7 data was 
from USDA’s AMS National Truck Rate and Cost Report.   Given that there is no weekly 
time series of FOB prices available for Sinaloa and Baja California, this price series was 
determined by deducting import charges plus tariffs from the shipping point prices at 
Nogales and San Diego. For the construction of the dummy variable that represents trade 
flows (A=trade flows, A=0 no trade flows between markets), it was assumed that trade 
flows were observed whether prices for vine ripe or mature green tomatoes were reported 
at the shipping point and at the terminal market.  All time series were in terms of dollars 
per 25 pound carton (vine ripe and mature green tomatoes). 
Although the United States tomato production averaged about 1.7 million tons 
over the last decade, 20% of U.S. fresh tomato production was imported in order to meet 
increased year-round demand.   Currently, around 90% of imports are from Mexico 
(ERS, USDA).   These imports supplement California and Florida supply and the largest 
share of imports from Mexico (60.4%) are vine ripe tomatoes, although demand for roma 
                                                                 
5 This time series was constructed taking into account the periods when Mexican tomatoes were crossing through 
Nogales and Otay Mesa.  
 
6 This time series was derived as an arithmetic average price following the same procedure applied for the shipping 
point prices at Nogales and San Diego for Mexican vine ripe tomatoes, and for Florida and California mature green 
tomatoes.   
 
7 This time series was constructed for 25 pound carton taking into account the arithmetic average of the weekly rate 
range that shippers or receivers pay depending on basis of sale per load, including truck broker fees for shipments in 
truck load volume to a single destination.  DT series also takes the actual shipping point (for Mexican and domestic 
supplies) into consideration.      
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tomatoes has been increasing.  U.S. exports some fresh tomatoes to Mexico
8, but these 
exports decreased significantly after the 1994 Mexican economic crisis.   The majority of 
fresh tomatoes imported from Mexico go to the Western Urban Markets, while Florida 
shipments dominate in the Northeastern and Southern terminal markets, and Florida and 
Mexican crops often compete for the same terminal markets in the North Central region 
(Thompson and Wilson; Love and Lucier).    In order to examine the price relationships 
between Mexican and American markets for vine ripe tomatoes, three terminal markets 
are studied; Los Angeles in the Western region, Chicago as a representative of the North 
Central terminal markets, and Boston
9 for the Northeast.   For mature green tomatoes 
supplied by California and Florida, only Chicago and Boston terminal markets are 
included since California supplies dominate the Los Angeles market. 
Prices and Trade Relationships 
Although the U.S. has seen fresh tomato imports from Mexico every week in 
recent years, only the closer wholesale terminal markets like Los Angeles and San 
Francisco have received Mexican tomato shipments with this frequency.  These 
shipments increased considerably after 1995 in each terminal market studied, partially 
due to the Mexican peso devaluation at the end of 1994 as well as the beginning of 
NAFTA.   Although Los Angeles, Chicago, and Boston demanded 48,351 tons, 6,084 
tons, and 2,497 tons of tomatoes from Mexico in 1994, subsequent shipments increased 
                                                                 
8 U.S. exported 21,915.57 tons of tomatoes to Mexico in 1994, compared to 2,284.7 tons in 1995, and 4,792.78 tons in 
1998. 
 
9  Weekly truck rate reports from USDA’s AMS exist only for seven destination cities, which include Chicago and Los 
Angeles. The Boston domestic transportation time series was estimated based on the information reported for New 
York.  
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considerably
10 in each market.   Meanwhile, shipments of fresh tomato from California 
and Florida have declined in relative terms (Figures 1a, b & c).  This decreasing demand 
for American mature green tomatoes may be explained by a shift in consumer 
preferences away from mature green tomatoes toward other type of tomatoes, in addition 
to increased foreign competition (Calvin and Cook et al.). 
Chicago and Boston do not receive vine ripe Mexican tomatoes
11 year-round, 
possibly due to the distance from the Mexican shipping points.  The Chicago market 
exhibits stronger seasonal competition between Mexico and domestic produce, receiving 
trade flows of vine ripe tomatoes from Mexico during 81.5% of the periods analyzed, 
while Boston received Mexican tomatoes during only 42.6% of these periods.   In order 
to examine the price and trade relationships for mature green tomatoes in Chicago and 
Boston, the shipping point price, wholesale-terminal market, and measurable transaction 
costs time series were assembled taking into account the year-round American supply.   
From November to June, domestic prices are for Florida tomatoes, and from July to 
October, the prices are for tomatoes grown in California.   Because of the relatively small 
trade flows of fresh tomatoes from U.S. to Mexico, and the fact that Boston and Chicago 
are only consumption markets, unidirectional analyses are developed for Mexican and 
American tomatoes in these markets. 
Transaction costs for vine ripe and mature green tomatoes 
  Transaction costs are not only those costs incurred for shipping the product from 
one location to another, referred to here as direct shipping costs (such as freight, 
                                                                 
10 Shipments of fresh tomatoes from Mexico reported for 1998 were 79,949 tons in Los Angeles, 27,785 tons in 
Chicago, and 6,492 tons in Boston. 
 
11 Chicago and Boston wholesale terminal markets received plum tomatoes 97% and 98% of weeks analyzed 
respectively.   16 
insurance and loading/offloading costs, tariffs, and domestic transportation), they also 
include information costs such as learning about arbitrage opportunities, costs that result 
from governmental policies and their enforcement, as well as hedging costs required to 
make arbitrage a no risk activity (Spiller and Huang).    When trading internationally, the 
transaction costs become arguably higher than those of domestic markets due to 
differences in language, culture, laws and dispute procedures, as well as imperfect 
information sources (Thilmany and Barrett).  In addition, there exist other transaction 
costs due to uncertainty about government regulations in foreign markets, exchange rate 
policy, tariffs and non-tariff barriers (Abdel-Latif and Nugent).   In short, whether 
analyzing domestic or international markets, as defined by Spiller and Wood, arbitrage 
costs are those marginal costs that have to be incurred in order to perform riskless 
arbitrage.   It is clear that getting a full, direct and exact measure of transaction costs in 
domestic or international markets is difficult given that they are diverse and often 
subjective, due mainly to the inherent unobservability of some transaction costs. 
  The measurable transaction costs for marketing Mexican vine ripe tomatoes 
applied in this study are the import charges that represent the aggregate cost of all freight, 
insurance, and other charges, cost and expenses (CIF) incurred in bringing fresh tomatoes 
from the Sinaloa region or the Baja California Peninsula to the first port of entry in the 
U.S.   Nogales and San Diego serve as the dominant ports of entry for tomatoes
12.  Tariffs 
(TX) were estimated based on the calculated duties reported by USITC.  Calculated 
duties represent the estimated import duties collected and they are estimated on the 
                                                                 
12 Although USITC reports fresh tomato imports from Mexico through seven U.S. Custom Service Ports (Nogales, 
Arizona; Los Angeles, San Diego, and San Francisco in California; El Paso and Laredo in Texas; and Chicago, 
Illinois), virtually all imports from Mexico (97.6%) enter through Nogales (68.1%) and San Diego (29.5%). 
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applicable rate of duty as shown in the Harmonized Tariff Schedule (HTS) for the U.S.  
For imported Mexican vine ripe tomatoes, the calculated duties were collected 
considering the code signified by “Other tomatoes”, assuming that this code includes the 
majority of vine ripe tomatoes.   Finally, domestic transportation represents all the 
expenses required in order to deliver the fresh tomatoes from the shipping point in the 
United States to the wholesale terminal market.   It is important to recall that other 
measurable transaction costs for fresh tomatoes will be estimated through the EPBM. 
Table 3 shows the mean, standard deviation, and coefficient of variation of the 
observable (measurable) transaction costs time series utilized in the EPBM.   The highest 
CIF ($0.56) and tariffs ($0.27) are reported for tomatoes that are delivered to Boston.   It 
is due to the fact that the majority of trade flows from Mexico to Boston are during 
December through May, which is the season when the demand for Mexican 
transportation services is higher and the tomatoes were charged with higher duty tariffs 
since the tariff rate quota was in effect.  
In general, the closer the terminal market to the Mexican border, the lower the 
domestic transportation costs.  The Los Angeles terminal market reports the lowest 
average domestic transportation cost ($0.46) with the lowest variability (coefficient of 
variation is 6.63%).  In order to reach the terminal markets of Chicago and Boston, 
Mexican tomatoes incur higher domestic transportation costs ($1.34 and $2.10 
respectively) than California and Florida mature green tomatoes (with expenditures of 
$1.19 to Chicago and $1.77 to Boston).  The highest coefficient of variation is for 
American tomatoes in the terminal market of Boston (44.27%).   Figure 2 shows that, for   18 
vine ripe tomatoes, the more distant the terminal market, the relatively higher the 
domestic transportation costs, as one would expect.  
The publicly available, measurable transaction costs (CIF+TX+DT) were 
included in a ratio to the adjusted FOB price for Sinaloa, Baja California, California and 
Florida (Table 4).   This ratio represents a percentage markup that increases the (adjusted) 
FOB price to arrive at the landed value price of tomatoes at wholesale terminal markets.   
The highest average ratio was for those tomatoes grown in Mexico and marketed in 
Boston and Chicago (44.51% and 30.40%) while the highest variability is reported for 
mature green tomatoes in the Boston terminal market.     
Transaction costs play a key role in market integration tests. Given the importance 
that transaction costs have in the intermarket arbitrage conditions, and therefore, in the 
definition of specific market conditions, the different time series components of 
measurable transaction costs were tested for stationarity.   Because of the recent changes 
observed in the trade practices between shippers and retailers/wholesalers in the produce 
sector, and the trend toward a trade liberalization policy adopted by Mexican government 
in the last decade, it was hypothesized that the time series of the measurable transaction 
costs components would be nonstationary.  
Technological innovations are some of the many factors that underlie the new 
shipper/retailer-wholesaler relationship. Changes in information technologies, as well as 
improvements in transportation and scientific advancements that prolong the life of fresh 
tomatoes, have both affected transaction costs in the fresh fruits and vegetables sector 
(Calvin and Cook, et al.).   Under NAFTA, fresh tomatoes imported from Mexico were   19 
considered as a sensitive product
13, so they are in a gradual, tariff reduction process. U.S. 
tariffs on imports from Mexico are set to phase out entirely over the 10-year period 
ending in 2003
14, and they fall under a tariff rate quota in order to give protection against 
surges while tariffs are being phased out. 
In order to determine whether the measurable transaction cost series for marketing 
fresh tomatoes are stationary or not, a standard augmented Dickey Fuller test  (ADF) is 
applied to each time series including the sum of international freight charges, insurance 
and loading/off loading costs (CIF), tariffs for Mexican vine ripe tomatoes (TX), and 
domestic transportation costs (DT). The ADF test was based on regressions of the 
following form: 
(6)  ￿
=
- - + D + + = D
k
j
t j t j t t e CIF CIF CIF
1
1 1 0 b a a  
where ￿ is the first difference operator and et is a normally distributed error term. The 
null hypothesis that Ho: á1 = 0 against the alternative hypothesis of H1: á1￿ 0 was tested 
by comparing the calculated t-ratio of  1 ˆ a  with Mackinnon critical values of –2.873 and  -
-3.459 for a 5% and 1% of significance level, respectively
15 (Enders) (which essentially 
serve as adjusted t values). Given that 4 weeks represent one month, for each time series 
analyzed, the specification of k = 4 was chosen. The results for the ADF test statistics are 
presented in Table 5.   Contrary to our hypotheses, all time series components of 
                                                                 
13 Under NAFTA, sensitive products are those that require special treatment in order to protect the respective sector of 
the importing country against surges from the exporting country.   This protection includes a longer transition period, 
tariff rate quotas, and for certain products, special safeguard provisions, as is the case on imports of fresh tomatoes to 
the U.S. 
 
14 Mexican vine ripe tomatoes have been imported duty free for the period July 15 through August 31 since 1998. 
 
15 The critical values for mature green domestic transportation costs (262 observations) are –2.872 and –3.457 at the 
5% and 1% significance levels, respectively. 
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measurable transaction costs follow a I(0) process, indicating that they are stationary, 
mean reverting and have a constant variance.  Only the sum of measurable transaction 
costs for vine ripe tomatoes marketed in Los Angeles was nonstationary.   It suggests that 
these series have synergistic effect that leads the total measurable transaction costs to a 
nonstationary process.   These results also support the previous researchers (Cook; 
Padilla and Thilmany) that conclude that the tariff reduction process implemented under 
NAFTA had only a minor effect on imports of Mexican fresh tomatoes.   It also suggests 
that technological innovations in the fruits and vegetable sector have had little impact on 
prices in the fresh tomato sector.  
Estimation Results 
  The maximum likelihood estimation of the EPBM was conducted using TSP 
International version 4.5.  Results from estimation of equation (5) for Mexican vine ripe 
and California and Florida mature green tomatoes are summarized in table 6.   Most of 
the estimated coefficients are statistically significant.  The Wald test for joint significance 
of parameter estimates was applied, and in all cases, the null hypothesis that the estimates 
were equal to zero was rejected.   
As expected, the terminal market nearest to the supply regions, Los Angeles, has 
the highest probability (0.80) of perfect market integration (with trade) with Mexican 
markets, while the same market relationship was observed in Boston in only 0.07 of all 
cases.   Similarly, mature green tomatoes in the Boston market have a higher probability 
of perfect integration with trade (0.71) with California and Florida markets.  As distance 
between markets increases, it could be argued that the risk of doing business in those   21 
markets increases due to time lags and loss in quality, so the probability of having higher 
non-observable transaction costs increases.    
In Chicago terminal market for Mexican tomatoes perfectly integrated markets 
with no trade (regime 2 with binding intermarket arbitrage conditions) had an estimated 
probability of zero
16 inferring perfect integration only with trade.   The small number of 
observations (45) for the no trade regimes, and the high probability obtained for the 
segmented equilibrium regime (0.18), may also explain this estimate.  Regime 3, where 
trade takes place with positive apparent profits, has the highest probabilities in Chicago 
for both vine ripe (0.28) and mature green (0.62) tomatoes.   This may imply that the 
market is arbitraged, but insufficiently to fully extinguish profit opportunities.  These 
high probabilities of regime 3, and low likelihood of regime 2 in the Chicago market, 
may be explained by the increased demand for fresh tomatoes in this market.   The total 
demand in 1995 was 63,378 tons, while in 1998 this figure grew to 82,219 tons.   
  The probability of regime 4 (trade appears profitable but it does not take place) 
and regime 5 (temporarily losses) in Boston, for both vine ripe and mature green 
tomatoes is not fully unexpected.  Regime 4 for vine ripe tomatoes has a probability of 
0.29, while the probability of regime 5 is 0.25.    In the case of domestic mature green 
tomatoes, the probability of regime 5 in Boston is 0.15.   According to these results, it 
may suggest that it is a risky or difficult proposition to trade fresh tomatoes in Boston 
given a high rate of unobservable transaction costs, leading to periods when arbitrageurs 
decide to not take advantage of possible positive profits opportunities (regime 4).    At the 
same time, there are other periods when even there is no apparent profit, but distributors 
                                                                 
16 It is important to note that, once it was known that the probability associated to regime 2 in Chicago market was 
zero, the estimation for this market was conducted eliminating regime 2 was zero.     22 
still decide to trade (regime 5), which may be due to the notable competition between 
Florida and Sinaloa tomato shippers as they strive to expand market share and traders are 
willing to absorb temporarily losses.  
  The estimates of mean “other measurable transaction costs” ( ) b ˆ  were highly 
significant with one exception in the Chicago terminal market for mature green tomatoes. 
Therefore, the null hypothesis of â=0 was not rejected
17.   It is important to note that a 
significant portion of the (adjusted) FOB tomato price is due to these inferred transaction 
costs ( ) b ˆ .   This “inferred marketing margin” ranges from 7.98% for vine ripe tomatoes 
to 25.92% for mature green tomatoes in the Boston market, based on mean 1995-1999 
shipping point prices.  It is also interesting to note that Mexico accounted for a smaller 
share of the Boston market than Florida and California (10% compared to 64% during the 
1995-1999 period).   For the Chicago market, although the market share for Mexican 
tomatoes increased at the end of 1990’s (from 24% in 1995 to 34% in 1998), it still 
remains low compared to the American 57% market share during the same period.     
  Boston is located 890 miles farther from the shipping point in Nogales, AZ than 
Chicago, but the total mean of measurable transaction costs indicates that the margin per 
vine ripe tomato carton was actually $0.17 less for Boston than Chicago, suggesting the 
potential use of price discrimination by shippers.   Boston is also located farther form 
California and Florida
18 production regions than Chicago, and has total measurable 
transaction costs of $4.15 per carton for mature green tomatoes, $2.96 more than in 
                                                                 
17 Once it was known that this estimate parameter was statistically not significant, the estimation for this market was 
re-estimated eliminating the â parameter.    
 
18 Boston is located 128 miles farther from Orlando, FL and 948 miles farther from the San Diego, CA shipping point 
than Chicago. 
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Chicago.  This also suggests some cost absorption by the trading sector in this market, or 
a possible markup above competitive prices in Boston
19.  Yet this last inference may not 
be feasible given that the most prevalent market condition for mature green tomatoes in 
Boston was perfect integration, diminishing the likelihood of noncompetitive behavior 
for the mature green tomatoes.   
Table 7 shows the estimates of the frequencies of particular market conditions 
prevailing in the fresh tomato market.  Perfect integration (ë1 + ë2) was found with 80% 
frequency between Mexico-Los Angeles and 71% between California and Florida-
Boston, while the frequencies of perfect integration were less than 40% for the remaining 
pairs of markets analyzed. 
As expected, intermarket tradability occurred with 100% frequency between 
Mexican markets and Los Angeles, and between the California/Florida producing regions 
and Chicago and Boston terminal markets.  The frequency for tradability between 
Mexico and Chicago was 81% while between Mexico and Boston this frequency dropped 
to 59%.  Although, it is clear that those markets are highly integrated in the sense of 
tradability, it is not possible to say the same about equilibrium.   The frequency for this 
market condition was 80% for Mexico-Los Angeles, 56% for Mexico-Chicago, and only 
35% for Mexico-Boston, a finding that is consistent with the distance between the 
Mexican border and these markets, and representative of the market share
20 for Mexican 
fresh tomatoes.  In short, the farther the distance between markets, the less frequent the 
trade flows, and the lower the frequency of market equilibrium.    
                                                                 
19 The mean terminal market price during the 1995-1999 period analyzed for mature green tomatoes in Boston was 
$13.30 while in Chicago it was $11.21.   The mean FOB price during the same period was $9.18.  
 
20 The average market share during the 1995-1999 period for Mexican tomatoes in Los Angeles, Chicago, Boston was 
63%, 25%, and 10%, respectively.     24 
A similar situation exists for California and Florida tomatoes, where the 
equilibrium condition expected 71% of the time in Boston, but only 29% of the time in 
Chicago, signaling some market inefficiencies in those markets for both Mexican and 
American tomatoes.  In effect, one of the objectives of this work is to provide a 
framework to analyze potential noncompetitive behavior in the fresh tomato market given 
the antidumping complaint filed against Mexican grower/shippers in April 1996 (based 
on increased imports after the peso devaluation and the beginning of NAFTA.   American 
growers argued that they were experiencing decreasing domestic prices, profits, and an 
overall loss of market share.  They perceived that fresh tomatoes were being sold by 
Mexican producers and/or shippers at less than the fair market value (LTFV).    
This dispute was ended through an agreement between the Department of 
Commerce and Mexican tomato growers, eliminating the need to implement dumping 
duties.  Mexican tomatoes were not going to be sold at less than a reference FOB price in 
Nogales, San Diego and Laredo.
21 Given the difficulties in getting together weekly time 
price series of FOB prices for Sinaloa and Baja California, as was explained previously, 
this series was estimated and the model was run with an adjusted FOB price time series.  
Thus, in this work it is not possible to provide evidence of whether Mexican growers 
were exhibiting anticompetitive behavior.  But, if the real FOB time series becomes 
available, this work could be easily reestimated with price differentials between the FOB 
price for Sinaloa and Baja California, and FOB prices for Nogales and San Diego.  Figure 
                                                                 
21 The initial reference price for vine ripe tomatoes was  $5.75 per 25 pound box (November 1, 1996 to August 6, 
1998).  The agreement had an amendment in August 6, 1998, resulting in a second reference price of $4.30 per 25 
pound box during July 1 to October 22 and $5.27 per 25 pound box for imports between October 23 and June 30.     
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3 shows a comparison of the FOB price for Nogales and San Diego and price floor for 
Mexican tomatoes.  
Conclusions 
 
  This study applies a EPBM to examine the vine ripe tomato market relationships 
between Mexico and the US, and between California/Florida supplies, and American 
terminal markets using prices, transaction costs, and trade flow data following the model 
developed by Barrett and Li.  Utilizing maximum likelihood techniques, the approach 
allowed us to generate indicators of frequency of perfect market integration, competitive 
market equilibrium, intermarket tradability, segmented equilibrium, segmented 
disequilibrium, and inefficiently integrated markets.  The study was applied to price 
relationship analysis between three American markets –Los Angeles, Chicago, and 
Boston- and the Mexican market, as well as the trade relationships between Chicago and 
Boston terminal markets and domestic production regions. 
  Estimates of the frequency of inefficiently integrated markets in Chicago and 
Boston are relatively high, ranging from 29% between California/Florida-Boston to 71% 
between California/Florida and Chicago. This provides some insights about imperfect 
competition or inefficient arbitrage in these markets.   Similarly, the prevalence of 
segmented disequilibrium and what is termed “overly competitive” behavior in those 
markets is higher than expected.  This indicates a high level of unobserved transaction 
costs (or information failures) which wrongly encourage trade flows of fresh tomatoes 
between regions generating negative marginal profits, and prevent trade flows from 
taking place when positive profits are possible.   26 
    The increased demand of fresh tomatoes, the peso devaluation and other market 
factors have led to increased trade flows from Mexico to the U.S. markets, resulting in 
increased tradability between markets and increasing market share, especially with the 
terminal markets closest to the border.  This has also translated to a higher incidence of 
market equilibrium for those markets.   It is not possible to say the same for markets 
located farther away from the producing regions, such as Chicago and Boston. Those 
markets also show increased tradability but the probability of observing increased market 
equilibrium is not as high as expected, thereby implying reduced efficiency.     27 
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Table 1. Intermarket Regimes of the Extended Parity Bounds Model 
 
Regime Definition 
 
Intermarket Conditions  Probability 
Trade Is Observed 
Regime1:   Perfect Integration with Trade 
t ji
j
t
i
t v T P P + = -   ë1 
Regime 3:  Inefficient Integration (positive 
marginal profits to arbitrage) 
t t ji
j
t
i
t u v T P P + + = -   ë2 
Regime 5:  Inefficient Integration (negative 
marginal profits to arbitrage) 
t t ji
j
t
i
t u v T P P - + = -   ë3 
Trade Is Not Observed 
Regime2:  Perfect Integration without 
Trade 
t ji
j
t
i
t v T P P + = -   ë4 
Regime 4:  Segmented Disequilibrium 
t t ji
j
t
i
t u v T P P + + = -   ë5 
Regime 6:  Segmented Equilibrium  t t ji
j
t
i
t u v T P P - + = -   ë6 
 
 
Table 2. Indicators of the Frequency for Market Conditions 
 
Market Condition 
 
Indicator (frequency)  Occurs whenever 
Perfectly Integrated  ë1 + ë2 = PI  Intermarket arbitrage conditions are 
binding 
1/  
Market Equilibrium  ë1 + ë2  + ë6 = ME  Intermarket arbitrage conditions hold 
(zero marginal trader profit) 
Intermarket Tradability  ë1 + ë2  + ë3  + ë5 = IT  Trade is observed or the intermarket 
arbitrage condition is binding
1/ 
Inefficiently Integrated  ë3 + ë5 = II  Trade is observed but intermarket 
arbitrage conditions may not hold 
Overly Competitive 
Behavior 
ë5 = OC  Trade is observed (negative profits 
to arbitrage) 
Segmented Equilibrium  ë6 = SE 
Trade is not observed, intermarket 
arbitrage conditions hold 
Segmented 
Disequilibrium  ë4 = SD 
Trade is not observed and 
intermarket arbitrage conditions do 
not hold  
1/ In regime 2, traders are indifferent between whether to trade or not. 
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Table 3. Fresh Tomatoes: Mean and Standard Deviation of  
Publicly Reported Transaction Costs 
($ per 25 lb carton) 
Shipping Point and Wholesale 
Terminal Market 
Standard 
Deviation 
Mean 
Coefficient of 
Variation 
(Std.D/Mean)*100 
Number 
Observations 
CIF
1/ 
    From Sinaloa and Baja  
    California to Nogales, AZ and  
    San Diego-Los Angeles  
0.27  0.38  72.92  244 
    From Sinaloa and Baja  
    California to Nogales, AZ and  
    San Diego-Chicago 
0.27  0.42  64.95  199 
    From Sinaloa and Baja  
    California to Nogales, AZ and  
    San Diego-Boston 
0.22  0.56  39.64  104 
Tariffs 
    Mexican vine ripe tomatoes- Los 
    Angeles 
0.13  0.24  53.26  244 
    Mexican vine ripe tomatoes-  
    Chicago   0.12  0.25  50.20  199 
    Mexican vine ripe tomatoes-  
    Boston  
0.10  0.27  38.00  104 
Domestic Transportation 
    From Nogales, AZ and  
    San Diego to Los Angeles  
0.03  0.46  6.63  244 
    From Nogales, AZ and   
    San Diego to Chicago  
0.28  1.34  20.75  199 
    From Nogales, AZ and  
    San Diego to Boston  
0.43  2.10  20.37  104 
    From Orlando, FL and  
    San Diego to Chicago 
0.35  1.19  29.41  262 
    From Orlando, FL and  
    San Diego to Boston 
0.79  1.77  44.27  262 
Total Known Transaction Costs 
    From Sinaloa and Baja  
    California to Los Angeles  
0.37  1.08  33.79  244 
    From Sinaloa and Baja  
    California to Chicago  
0.32  2.01  15.72  199 
    From Sinaloa and Baja  
    California to Boston  
0.37  2.93  12.49  104 
    From Orlando, FL and  
    San Diego to Chicago  0.35  1.19  29.41  262 
    From Orlando, FL and  
    San Diego to Boston 
0.79  1.77  44.27  262 
  1/ The mean changes because Chicago and Boston terminal markets do not receive Mexican  
      vine ripe tomatoes during every period. 
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Table 4. Transaction Costs/FOB Price Ratio Summary Statistics 
(%) 
Shipping Point and Wholesale 
Terminal Market 
Mean  Standard 
Deviation 
Coefficient of 
Variation 
(Std.D/Mean)*100 
Number 
Observations 
From Sinaloa and Baja California 
to Los Angeles  
16.70  10.26  61.41  244 
From Sinaloa and Baja California 
to Chicago  
30.40  15.05  49.52  199 
From Sinaloa and Baja California 
to Boston  
44.51  20.82  46.78  104 
From Florida and California to 
Chicago  
15.31  8.07  52.74  262 
From Florida and California to 
Boston  
23.32  15.37  65.90  262 
 
 
 
Table 5. Augmented Dickey Fuller Test for Public Transaction Costs  
 
Shipping Point and Wholesale 
Terminal Market 
Freight, 
Insurance 
and Other 
Charges 
 
Tariffs 
 
Domestic 
Transportation 
Total 
Known 
Transaction 
Costs 
From Sinaloa and Baja 
California to Los Angeles   -3.421*  -3.078*  -3.354*  -2.752 
From Sinaloa and Baja 
California to Chicago  
-3.421*  -3.078*  -3.907**  -3.223* 
From Sinaloa and Baja 
California to Boston   -3.421*  -3.078*  -3.394*  -3.487** 
From Florida and California to 
Chicago  
-  -  -4.251**  -4.251** 
From Florida and California to 
Boston   -  -  -3.785*  -3.785* 
*/Time series are stationary at 95% confidence level. 
**/ Time series are stationary at 99% confidence level.  
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Table 6. EPBM Estimates for Mexican and Domestic Tomatoes 
  Mexico-LA  Mexico-
Chicago 
Mexico-
Boston 
CA & FL-
Chicago 
CA&FL- 
Boston 
 Â 
 
2
v s  
 
2
u s  
0.87 
(8.79)
a/ 
0.95 
(9.29) 
 
2.27 
(5.16) 
1.73 
(8.00) 
1.07 
(7.03) 
 
2.44 
(11.31) 
0.64 
(2.38) 
0.85 
(4.17) 
 
3.36 
(16.70) 
0 
 
1.47 
(6.19) 
 
1.98 
(6.25) 
2.38 
(10.78) 
1.57 
(6.32) 
 
2.90 
(4.74) 
Trade 
 ë 1 
 
ë3 
 
ë5 
 
0.80 
(9.03) 
0.14 
(2.09) 
0.06 
(1.42) 
0.38 
(3.31) 
0.28 
(2.96) 
0.15 
(2.23) 
0.07 
(1.96) 
0.10 
(3.53) 
0.25 
(5.67) 
0.29 
(2.02) 
0.62 
(5.57) 
0.09 
(1.34) 
0.71 
(3.83) 
0.14 
(1.26) 
0.15 
(1.50) 
No Trade 
 ë 2 
 
ë4 
 
ë6 
 
- 
 
- 
 
- 
0.0 
 
0.01 
(0.98) 
0.18 
(6.71) 
0.17 
(3.04) 
0.29 
(4.82) 
0.11 
(3.57) 
- 
 
- 
 
- 
- 
 
- 
 
- 
Log Likelihood 
Â as % of known TC 
â as % of FOB price 
Mean known TC 
Mean measurable TC 
Mean meas. TC as %  
  Of  Mean  FOB price 
-407.52 
80.55 
10.84 
1.08 
1.95 
 
24.31 
-629.33 
86.06 
21.57 
2.01 
3.74 
 
46.63 
-763.69 
21.84 
7.98 
2.93 
3.57 
 
44.51 
-560.13 
- 
- 
1.19 
1.19 
 
12.96 
-572.22 
134.46 
25.92 
1.77 
4.15 
 
45.20 
    a/ t- statistics is in parentheses. 
 
 
Table 7. Estimates of the Frequency for Fresh Tomato Market Conditions 
Indicator (frequency)  Mexico- Los 
Angeles 
Mexico-
Chicago 
Mexico-
Boston 
CA & FL-
Chicago 
CA & FL- 
Boston 
ë1 + ë2 = PI  0.80  0.38  0.24  0.29  0.71 
ë1 + ë2  + ë6 = ME  0.80  0.56  0.35  0.29  0.71 
ë1 + ë2  + ë3  + ë5 = IT  1.00  0.81  0.59  1.00  1.00 
ë3 + ë5 = II  0.20  0.43  0.35  0.71  0.29 
ë5 = OC  0.06  0.15  0.25  0.09  0.15 
ë6 = SE  -  0.18  0.11  -  - 
ë4  = SD  -  0.01  0.29  -  - 
PI = Perfect market integration, ME = Market equilibrium, IT = Intermarket tradability,  
II = Inefficiently integrated, OC = Overly competitive behavior, SE = Segmented equilibrium, 
and SD = Segmented disequilibrium.    34 
  Source: USDA, ERS. U.S. Tomato  Statistics, 1960-98. 
 
Figure 1a.  Arrivals of Fresh Tomatoes to Los Angeles
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Figure 1b.  Arrivals of Fresh Tomatoes to Chicago
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Figure 1c.  Arrivals of Fresh Tomatoes to Boston
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Note: MX-LA= Mexico-Los Angeles, MX-CH=Mexico-Chicago, MX-
Bo=Mexico-Boston, FC-CH=Florida/California-Chicago, FC-
BO=Florida/California-Boston. 
 
 
 
 
 
 
 
 
 
 
Figure 2. Observable Transaction Costs for Fresh 
Tomatoes
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Figure 3. Nogales and San Diego FOB Price for Mexican 
Vine Ripe Tomatoes 
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